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(57) ABSTRACT 

A semiconductor laser device according to the present 
invention has a semiconductor substrate, an active layer 
formed on the semiconductor substrate and made of a 
compound semiconductor containing phosphorus, a guide 
layer formed on the active layer and made of a compound 
semiconductor, a dopant diffusion preventing layer formed 
on the guide layer and made of a semiconductor compound 
containing arsenic, and a clad layer formed on the dopant 
diffusion preventing layer and made of a compound semi 
conductor containing a dopant. 

110 
105 J 

104 \/~ 
103 \f\\\\\\\\\\\\\\\\\\\\\\ 

10219 L f/7///////////////////// 102 

101 J" 



Patent Application Publication Feb. 6, 2003 Sheet 1 0f 12 US 2003/0025123 A1 

FIG. 1 
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FIG. 4 
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FIG.6A 
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SEMICONDUCTOR LASER DEVICE AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
laser device and to a method for fabricating the same. More 
particularly, it relates to an increase in the output of the 
semiconductor laser device. 

[0002] Recent years have seen rapid Widespread use of 
DVD (Digital Versatile Disk) devices in the ?elds of AV 
(Audio-Video) equipment, PCs (Personal Computers), and 
the like. In particular, great expectations have been placed 
on the use of recordable DVD devices (such as DVD-RAM 
and DVD-R) as large-capacity memory devices embedded 
in PCs and the like and as post-VTR (Video Tape Recorder) 
devices. 

[0003] As pickup light sources for the foregoing DVD 
devices, red semiconductor lasers at Wavelengths in the 650 
nm band have been used. With the recent increases in the 
density and capacity of an optical disk, a pick-up light 
source capable of performing a particularly high output 
operation over 80 mW has been in groWing demand to alloW 
a higher-speed Write operation With respect to the optical 
disk. 

[0004] If a semiconductor laser device is increased in 
output, hoWever, the problem is encountered that the output 
thereof is saturated. The problem is conspicuous When the 
semiconductor laser device is operating at a high tempera 
ture. This is because an AlGaInP-based material composing 
the p-type clad layer of the red laser has a limitation in that 
it cannot provide a suf?ciently large band barrier against 
electrons in the conduction band. Under high-temperature 
and high-output operating conditions, therefore, over?oWing 
electrons are increased and a component of an injected 
current Which does not contribute to light emission is 
increased. 

[0005] In suppressing the over?oW of electrons, it is 
effective to increase the concentration of a p-type impurity 
in the p-type clad layer and enlarge the band barrier against 
the electrons, i.e., accomplish high-concentration doping of 
the p-type clad layer With a p-type impurity. 

[0006] HoWever, the in?uence of solid-phase diffusion 
cannot be ignored in the AlGaInP-based material because of 
the diffusion coef?cient of the p-type impurity Which is 
generally high therein. It has been reported that the diffusion 
coefficient of Zn, e.g., in an AlGaInP-based material is 
1x10 to 6x10“13 cm2s_1, Which is about tWo orders of 
magnitude higher than that of Zn in an AlGaAs material used 
for the infrared laser. The in?uence of solid-phase diffusion 
becomes more conspicuous in the case of high-concentration 
doping since the diffusion coef?cient of the impurity is 
directly proportional to the square of a doping concentration. 

[0007] FIG. 3 shoWs a SIMS pro?le of an active layer and 
a clad layer in a conventional semiconductor laser device. As 
shoWn in FIG. 3, Zn has been miXed in the active layer 
though it has not been doped With an impurity intentionally. 
This results from the diffusion of an impurity used to dope 
the p-type clad layer in the active layer during the processes 
of crystal groWth, thermal treatment, and the like for fabri 
cating the semiconductor laser device. Similar impurity 
diffusion also occurs during the operation of the semicon 
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ductor laser device. If the impurity is diffused in the active 
layer, a nonradiative recombination center may be formed to 
degrade the characteristics of the semiconductor laser 
device. The production of a crystal defect reduces the 
lifespan of the semiconductor laser. 

[0008] Due to the impurity diffusion in the active layer 
described above, the doping of the p-type clad layer With the 
p-type impurity at a high concentration has been dif?cult. 

[0009] As a method for suppressing impurity diffusion in 
the active layer, therefore, Japanese Unexamined Patent 
Publication No. 2000-286507 discloses one Which provides 
an undoped spacer layer betWeen the p-type clad layer and 
an optical guide layer such that an impurity is absorbed in 
the spacer layer. If the doping concentration of the p-type 
clad layer of an AlGaInP-based semiconductor laser device 
is to be increased by using the method, the spacer layer for 
suppressing impurity diffusion should have a suf?ciently 
large thickness. As the thickness of the spacer layer is 
increased, hoWever, a series resistance is increased so that an 
operating current is increased disadvantageously or it 
becomes dif?cult to obtain a desired beam con?guration 
under the in?uence of the spacer layer. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been achieved to solve 
the foregoing problems and it is therefore an object of the 
present invention to provide a semiconductor laser device 
capable of performing a high-output operation at a high 
temperature With high reliability. 

[0011] A semiconductor laser device according to the 
present invention comprises: a semiconductor substrate; an 
active layer formed on the semiconductor substrate and 
made of a compound semiconductor containing phosphorus; 
a guide layer formed on the active layer and made of a 
compound semiconductor; a dopant diffusion preventing 
layer formed on the guide layer and made of a compound 
semiconductor containing arsenic; and a clad layer formed 
on the dopant diffusion preventing layer and made of a 
compound semiconductor containing a dopant. 

[0012] By disposing the dopant diffusion preventing layer 
containing arsenic betWeen the clad layer and the active 
layer, the diffusion of the dopant from the clad layer to the 
active layer can be suppressed or prevented. This alloWs the 
provision of the clad layer into Which the dopant has been 
implanted at a high concentration. By further disposing the 
guide layer betWeen the dopant diffusion preventing layer 
and the active layer, interdiffusion of phosphorus contained 
in the active layer and arsenic contained in the dopant 
diffusion preventing layer can be suppressed or prevented. 
This provides a semiconductor laser device capable of 
performing a high-output operation at a high temperature 
With high reliability. 

[0013] Preferably, a concentration of the dopant in the clad 
layer is in a range of 5x1017 atoms cm'3 to 1><1019 atoms 

-3 
cm . 

[0014] The arrangement suppresses the over?oW of elec 
trons and provides a red semiconductor laser device capable 
of performing a high-output operation at a high temperature. 

[0015] Since the diffusion of the dopant from the clad 
layer to the active layer is suppressed or prevented, the clad 
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layer into Which the dopant has been implanted at a high 
concentration can be provided. This provides a serniconduc 
tor laser device containing a dopant at a concentration 
exactly as designed. 

[0016] If the dopant is Zinc, the present invention achieves 
a particularly high effect of suppressing or preventing the 
diffusion of the dopant from the clad layer to the active layer. 

[0017] Preferably, a thickness of the guide layer is in a 
range of 10 nrn to 50 nrn. 

[0018] Preferably, a thickness of the dopant diffusion 
preventing layer is 2 nrn or more. 

[0019] A thickness of the dopant diffusion preventing 
layer may be 50 nrn or less. 

[0020] The semiconductor substrate may be made of 
GaAs, the active layer may be made of (AlXGa1_X)1_yInyP 
(Oéxé 1, Oéyé 1), and the dopant diffusion preventing 
layer may be made of AlZGa1_ZAs (0222 1). 

[0021] Preferably, the dopant diffusion preventing layer 
includes a layer made of AlWGa1_WAs (0<W§ 1) and a layer 
made of GaAs Which are alternately deposited. 

[0022] The interfaces betWeen the layers made of AlWGa1_ 
WAs (0<W§ 1) and the layers made of GaAs forrn hetero 
junction interfaces. The formation of the structure in Which 
the heterojunction interfaces are repeatedly observed 
enhances the effect of suppressing the diffusion of the 
dopant. 

[0023] Preferably, the compound serniconductor making 
the dopant diffusion preventing layer further contains car 
bon, berylliurn, or magnesium. 

[0024] The arrangement alloWs the dopant diffusion pre 
venting layer to have p-type conductivity. Accordingly, the 
electric resistance of the dopant diffusion preventing layer is 
reduced and the power consumption of the semiconductor 
laser device can be reduced thereby. 

[0025] Preferably, the compound serniconductor making 
the dopant diffusion preventing layer further contains silicon 
or seleniurn. 

[0026] This further enhances the effect of suppressing or 
preventing the diffusion of the dopant from the clad layer to 
the active layer. 

[0027] Preferably, the active layer has a ?rst region includ 
ing tWo types of layers made of compound semiconductors 
With different band gaps and alternately deposited and a 
second region made of alloyed compound semiconductors 
With different band gaps and adjacent to the ?rst region. 

[0028] The ?rst region of the active layer has a multiple 
quantum well structure including the tWo types of layers 
made of the compound semiconductors With the different 
band gaps and alternately deposited. The second region of 
the active layer has a single quantum Well structure made of 
the alloyed serniconductor compound semiconductors With 
the different band gaps Which are different from those of the 
compound semiconductors making the tWo types of layers 
included in the ?rst region. Consequently, a beam emitted 
from the ?rst region is hardly absorbed While passing 
through the second region of the active region in Which the 
band gap corresponding to the energy of the beam does not 
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eXist. What results is a semiconductor laser device in Which 
the degradation of the beam is suppressed. 

[0029] A method for fabricating a semiconductor laser 
device according to the present invention comprises the 
steps of: (a) successively depositing, on a semiconductor 
substrate, an active layer made of a compound serniconduc 
tor containing phosphorus and a guide layer made of a 
compound serniconductor; (b) depositing, on the substrate, a 
dopant diffusion preventing layer made of a compound 
serniconductor containing arsenic; and (c) depositing, on the 
substrate, a ?rst clad layer made of a compound sernicon 
ductor containing a dopant. 

[0030] The method for fabricating a semiconductor laser 
device according to the present invention can suppress or 
prevent the diffusion of the dopant from the clad layer to the 
active layer by disposing the dopant diffusion preventing 
layer containing arsenic betWeen the clad layer and the 
active layer. This alloWs high-concentration doping of the 
clad layer With the dopant. By further disposing the guide 
layer betWeen the dopant diffusion preventing layer and the 
active layer, interdiffusion of phosphorus contained in the 
active layer and arsenic contained in the dopant diffusion 
preventing layer can be suppressed or prevented. This pro 
vides a semiconductor laser device capable of performing a 
high-output operation at a high temperature With high reli 
ability. 
[0031] The method may further comprise the steps of: (d) 
after the step (c), depositing, on the substrate, a current block 
layer made of a compound serniconductor; (e) forming an 
opening con?gured as a stripe in the current block layer; and 
(f) depositing, on the substrate, a second clad layer made of 
a compound serniconductor containing a dopant. 

[0032] The method may further comprise the steps of: (d) 
after the step (c), successively depositing, on the substrate, 
an etching stop layer, a second clad layer made of a 
compound serniconductor containing a dopant, and a cap 
layer; (g) forming, on the cap layer, a mask having an 
opening; (h) rernoving, by using the mask, respective 
regions of the second clad layer and the cap layer located 
Within the opening to eXpose the etching stop layer in the 
opening; and forming, on the substrate, a current block 
layer made of a compound serniconductor. 

[0033] The method may further comprise the steps of: (k) 
after the step (c), forming, on the substrate, a ?rst rnask 
having a ?rst opening; (1) forrning, by using the ?rst mask, 
a ?rst region from Which the respective regions of the dopant 
diffusion preventing layer and the ?rst clad layer located 
Within the ?rst opening have been removed and a second 
region in Which the dopant diffusion preventing layer and the 
?rst clad layer are deposited; depositing, on the sub 
strate, the ?rst clad layer again and further successively 
depositing an etching stop layer, a second clad layer made of 
a compound serniconductor containing a dopant, and a cap 
layer; (n) forming a mask for dopant diffusion on the second 
region of the substrate and performing a thermal treatment; 
(0) removing the mask for dopant diffusion and then forming 
a second rnask having an opening extending crossWise over 
the ?rst and second regions of the substrate; rernoving, 
by using the second mask, the regions of the second clad 
layer and the cap layer located Within the second opening to 
eXpose the etching stop layer in the second opening; and (q) 
forming, on the substrate, a current block layer made of a 
compound serniconductor. 



US 2003/0025123 A1 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a cross-sectional vieW of a semiconductor 
laser device according to EMBODIMENT 1 of the present 
invention; 
[0035] FIGS. 2A to 2C diagrammatically shoW the cross 
sectional structures of the semiconductor laser device 
according to EMBODIMENT 1 in the individual steps of a 
fabrication process therefor; 

[0036] FIG. 3 shoWs a SIMS pro?le obtained from a 
conventional semiconductor laser device; 

[0037] FIG. 4 shoWs a SIMS pro?le obtained from the 
semiconductor laser device according to EMBODIMENT 1; 

[0038] FIG. 5 is a cross-sectional vieW of a semiconductor 
laser device according to EMBODIMENT 2 of the present 
invention; 
[0039] FIGS. 6A and 6B diagrammatically shoW the 
cross-sectional structures of the semiconductor laser device 
according to EMBODIMENT 2 in the individual steps of a 
fabrication process therefor; 

[0040] FIGS. 7A and 7B diagrammatically shoW the 
cross-sectional structures of the semiconductor laser device 
according to EMBODIMENT 2 in the individual steps of a 
fabrication process therefor; 

[0041] FIG. 8 is a perspective vieW shoWing a structure of 
a semiconductor laser device according to EMBODIMENT 
3 of the present invention; 

[0042] FIGS. 9A to 9C are perspective vieWs diagram 
matically shoWing the cross-sectional structures of the semi 
conductor laser device according to EMBODIMENT 3 in 
the individual steps of a fabrication process therefor; 

[0043] FIGS. 10A and 10B are perspective vieWs dia 
grammatically shoWing the cross-sectional structures of the 
semiconductor laser device according to EMBODIMENT 3 
in the individual steps of the fabrication process therefor; 

[0044] FIGS. 11A and 11B are perspective vieWs dia 
grammatically shoWing the cross-sectional structures of the 
semiconductor laser device according to EMBODIMENT 3 
in the individual steps of the fabrication process therefor; 
and 

[0045] FIG. 12A is a perspective vieW shoWing a structure 
of a semiconductor laser device and FIG. 12B is a cross 
sectional vieW taken along the line X-X shoWn in FIG. 12A. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] Referring to FIGS. 1 to 11, the embodiments of the 
present invention Will be described herein beloW. For the 
sake of simplicity, components common to the individual 
embodiments are designated by the same reference numer 
als. 

[0047] Embodiment 1 

[0048] FIG. 1 is a cross-sectional vieW of a semiconductor 
laser device according to EMBODIMENT 1 of the present 
invention. 

[0049] As shoWn in FIG. 1, a semiconductor laser device 
10 according to the present embodiment has a multilayer 
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structure composed of: an n-type clad layer 101 made of 
n-type AlGaInP; a guide layer 102a (With a thickness of 30 
nm) made of AlGaInP; an active layer 102 composed of a 
quantum Well consisting of a plurality of GaInP layers and 
a plurality of AlGaInP layers; a guide layer 102b (With a 
thickness of 30 nm) made of AlGaInP; a diffusion preventing 
layer 103 made of AlGaAs; a ?rst p-type clad layer 104 
made of p-type AlGaInP; a current block layer 105 made of 
n-type AlGaInP; a second p-type clad layer 106 made of 
p-type AlGaInP; and a contact layer 107 made of p-type 
GaAs, Which are stacked successively on a substrate 100 
made of n-type GaAs. 

[0050] In the present embodiment, the active layer 102 is 
composed of a repetition of the structure in Which the GaInP 
layers are sandWiched betWeen the AlGaInP layers. 

[0051] An n-side electrode 108 made of a metal (such as 
an alloy of Au, Ge, or Ni) making an ohmic contact With the 
n-type GaAs substrate 100 is formed on the loWer surface of 
the n-type GaAs substrate 100. Ap-side electrode 109 made 
of a metal (such as an alloy of Cr, Pt, or Au) making an 
ohmic contact With the contact layer 107 is formed on the 
upper surface of the contact layer 107. 

[0052] The current block layer 105 is formed With an 
opening 120 con?gured as a stripe extending in a direction 
perpendicular to the paper plane to reach the ?rst p-type clad 
layer 104. Through the opening 120, the ?rst and second 
p-type clad layers 104 and 106 are in contact With each other. 
Acurrent is injected through the opening 120 into the active 
layer 102 to cause laser oscillation. 

[0053] In the present embodiment, AlGaInP represents 
(AlXGa1_X)1_yInyP (Oéxé 1, Oéyé 1) and GaInP represents 
a compound semiconductor obtained When X=0 is satis?ed 
in (AlXGa1_X)1_yInyP, While AlGaAs represents AlZGa1_ZAs 
(0 i Z i 1). 

[0054] Table 1 shoWs the respective thicknesses, impurity 
concentrations, and Al composition ratios of the individual 
layers of the semiconductor laser device 10 according to the 
present embodiment. 

TABLE 1 

Impurity 
Thick- Concentration Al Composition 

Layer ness (atoms cm’3) Ratio X 

n-Type Clad Layer 101 1.5 [urn 1 x 1018 0.7 
Guide Layer 102a 30 nm Undoped 0.5 
Active Layer 102 

GaInP Layers (3 in Total) 6 nm Undoped 0 
AlGaInP Layers (2 in 6 nm Undoped 0.5 
Total) 
Guide Layer 102b 30 nm Undoped 0.5 
Diffusion Preventing Layer 30 nm Undoped 0.85 
103 
First p-Type Clad Layer 0.2 [urn 1 x 1018 0.7 
104 
Current Block Layer 105 0.3 [urn 1 x 1018 1.0 
Second p-Type Clad Layer 1.5 [urn 1 x 1018 0.7 
106 
Contact Layer 107 2.0 [urn 2 x 1018 GaAs 

[0055] In the present embodiment, y representing the 
composition ratio of In has a value of about 0.5 in each of 
the n-type clad layer 101, the guide layer 102a, the active 
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layer 102, the guide layer 102b, the ?rst p-type clad layer 
104, the current block layer 105, and the second p-type clad 
layer 106 each made of a material represented by (AlXGa1_ 
X)1_yInyP. To achieve lattice matching With the n-type GaAs 
substrate 100, the value of y representing the In composition 
ratio is preferably in the range of 0.45§y§0.55. It Will 
easily be appreciated that, if another substrate is used, the 
value of y may be varied appropriately depending on the 
substrate and the value of y is not limited to the foregoing 
range. 

[0056] A description Will be given to a method for fabri 
cating the semiconductor laser device With reference to 
FIGS. 2A to 2C. FIGS. 2A to 2C diagrammatically shoW 
the cross-sectional structures of the semiconductor laser 
device according to the present embodiment in the indi 
vidual steps of a fabrication process therefor. 

[0057] First, in the step shoWn in FIG. 2A, the substrate 
100 made of n-type GaAs is prepared. Then, the n-type clad 
layer 101 made of n-type AlGaInP, the guide layer 102a 
made of AlGaInP, the active layer 102, the guide layer 102b 
made of AlGaInP, the diffusion preventing layer 103 made 
of AlGaAs, the ?rst p-type clad layer 104 made of p-type 
AlGaInP, the current block layer 105 made of n-type 
AlGaInP, and a cap layer 110 made of GaAs are deposited 
successively by, e.g., MOCVD, MBE, or the like on the 
substrate 100. The active layer 102 is formed by alternately 
depositing the GaInP layers and the AlGaInP layers. 

[0058] In forming the ?rst p-type clad layer 104 made of 
p-type AlGaInP in the foregoing step, Zn is introduced as a 
p-type dopant. The introduction of Zn is effected by using a 
method Well knoWn to those skilled in the art, such as one 
Which mixes Zn(CH3)2 in a raW material gas and forms an 
AlGaInP layer by crystal groWth, one Which forms an 
undoped AlGaInP layer and introduces Zn by ion implan 
tation, or one Which forms an undoped AlGaInP layer by 
crystal groWth and uses ZnO as a solid-phase diffusion 
source to introduce Zn by solid-phase diffusion. 

[0059] Next, in the step shoWn in FIG. 2B, 21 resist ?lm is 
patterned by photolithography into a stripe extending in a 
direction perpendicular to the paper plane and the current 
block layer 105 is etched by using the resist ?lm as a mask 
so that the openings 120 each con?gured as the stripe 
extending in a direction perpendicular to the paper plane is 
formed in the current block layer 105. 

[0060] Subsequently, in the step shoWn in FIG. 2C, the 
second p-type clad layer 106 made of p-type AlGaInP and 
the contact layer 107 made of p-type GaAs are deposited 
successively by, e.g., MOCVD, MBE, or the like on the 
substrate obtained in the previous step. Then, the p-side 
electrode 109 is formed by electron beam vapor deposition 
or the like on the contact layer 107. LikeWise, the n-side 
electrode 108 is also formed by electron beam vapor depo 
sition or the like on the substrate 100. In forming the second 
p-type clad layer 106 and the contact layer 107 made of 
p-type GaAs, Zn is introduced as a p-type impurity. The 
introduction of Zn is effected by the same method as used in 
forming the ?rst p-type clad layer 104 in the step shoWn in 
FIG. 2A, Which is Well knoWn to those skilled in the art. 

[0061] Adescription Will be given next to the operation of 
the semiconductor laser device 10 according to the present 
embodiment. 
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[0062] If a voltage is applied betWeen the n-side electrode 
108 and the p-side electrode 109 such that a current is 
injected to How therebetWeen, the injected current is con 
?ned by the current block layer 105 in the second p-type clad 
layer 106 so that a laser beam at an oscillating Wavelength 
of 650 nm is emitted from the active layer 102. 

[0063] When the semiconductor laser device 10 according 
to the present embodiment thus obtained Was operated, an 
output of 100 mW Was obtained Without the occurrence of 
thermal saturation even at an ambient temperature of 70° C. 

[0064] In the semiconductor laser device 10 according to 
the present embodiment, the diffusion preventing layer 103 
is disposed betWeen the guide layer 102b and the ?rst p-type 
clad layer 104. This suppresses or prevents the diffusion of 
a p-type impurity (Which is Zn in the present embodiment) 
from the ?rst p-type clad layer 104 to the active layer 102 
during the deposition of each of the ?rst p-type clad layer 
104, the current block layer 105, and the cap layer 110. 

[0065] In general, the diffusion coefficient of a p-type 
impurity in an AlGaAs-based material is loWer than that of 
the impurity in an AlGaInP-based material. If the impurity 
is Zn, e.g., the diffusion coefficient thereof in the AlGaAs 
based material is about tWo orders of magnitude loWer than 
that in the AlGaInP material. By disposing the diffusion 
preventing layer 103 made of AlGaAs betWeen the ?rst 
p-type clad layer 104 and the guide layer 102b, therefore, the 
diffusion of the impurity can be suppressed or prevented 
effectively. 

[0066] It Will easily be appreciated that the diffusion of an 
impurity from each of the ?rst p-type clad layer 104, the 
second p-type clad layer 106, and the contact layer 107 to the 
active layer 102 can also be suppressed or prevented during 
the deposition of each of the second p-type clad layer 106 
and the contact layer 107. 

[0067] Aspeci?c description Will be given herein beloW to 
the effect of suppressing the diffusion of an impurity into the 
active layer 102 achieved in the semiconductor laser device 
10 according to the present embodiment. 

[0068] FIG. 4 shoWs a secondary ion mass spectroscopy 
(hereinafter referred to as SIMS) pro?le obtained from the 
n-type clad layer 101, guide layer 102a, active layer 102, 
guide layer 102b, diffusion preventing layer 103, and ?rst 
p-type clad layer 104 of the semiconductor laser device 10 
according to the present embodiment. 

[0069] As can be seen from FIG. 4, the diffusion of the 
impurity to the active layer 102 Was suppressed more 
effectively by the diffusion preventing layer 103 than in the 
conventional semiconductor laser device shoWn in FIG. 3 
irrespective of the ?rst p-type clad layer 104 doped With Zn 
at a high concentration of about 2><1018 atoms cm_3. 

[0070] In the semiconductor laser device 10 according to 
the present embodiment, the diffusion of the p-type impurity 
(Which is Zn in the present embodiment) from the ?rst 
p-type clad layer 104 made of p-type AlGaInP, the second 
p-type clad layer 106 made of p-type AlGaInP, and the 
contact layer 107 made of p-type GaAs into the active layer 
102 is not observed due to the presence of the diffusion 
preventing layer 103. This proves effective prevention of the 
diffusion of the p-type impurity into the active layer 102. 
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[0071] The diffusion preventing layer 103 can also sup 
press or prevent the diffusion of the p-type impurity from the 
?rst p-type clad layer 104 made of p-type AlGaInP, the 
second clad layer 106 made of p-type AlGaInP, and the 
contact layer 107 made of p-type GaAs even during the 
operation of the semiconductor laser device. This prevents 
the deterioration of the semiconductor laser device 10 
according to the present embodiment during the operation 
thereof and provides the semiconductor laser device 10 With 
high reliability. 
[0072] Although the diffusion preventing layer 103 has a 
particularly high diffusion preventing effect on an impurity 
With a high diffusion coef?cient, such as Zn, Which is 
implanted into the ?rst p-type clad layer 104 or the like as 
shoWn in the present embodiment, the present invention is 
not limited thereto. A similar diffusion preventing effect is 
achievable if the ?rst p-type clad layer 104 or the like is 
doped With an impurity such as Be, Mg, Si, or C. 

[0073] Preferably, the diffusion preventing layer 103 has a 
thickness in the range of 2 nm to 50 nm. This alloWs 
effective suppression or prevention of impurity diffusion 
into the active layer 102. If the thickness of the diffusion 
preventing layer 103 is less than 2 nm, the p-type impurity 
may penetrate the diffusion preventing layer 103 to reach the 
active layer 102. If the thickness of the diffusion preventing 
layer 103 is more than 50 nm, optical distribution in a 
direction perpendicular to the substrate is greatly affected 
thereby. This reduces a design margin for providing a 
desired beam con?guration. 

[0074] In the present embodiment, the active layer 102 is 
composed of the plurality of GaInP layers and the plurality 
of AlGaInP layers. If consideration is given to the ratio 
betWeen the contents of elements, the active layer 102 may 
be made appropriately of (AlXGa1_X)1_yInyP (Oéxé 1, 
Oéyé 1) and the diffusion preventing layer 103 may be 
made appropriately of AlZGa1_ZAs (0222 1). 
[0075] Preferably, the diffusion preventing layer 103 
includes layers made of AlWGa1_WAs (0<W§ 1) and layers 
made of GaAs Which are alternately deposited. This is 
because the interfaces (heterojunction interfaces) betWeen 
the layers made of AlWGa1_WAs (0<W§ 1) and the layers 
made of GaAs are repeatedly observed in the resulting 
structure. This enhances the effect of suppressing impurity 
diffusion. 

[0076] Although the compound semiconductor composing 
the diffusion preventing layer 103 is AlGaAs, it preferably 
contains silicon or selenium. This further enhances the effect 
of suppressing or preventing the diffusion of the dopant from 
the clad layer to the active layer. 

[0077] By particularly using a compound semiconductor 
containing any one element of carbon, beryllium, and mag 
nesium to compose the diffusion preventing layer 103, the 
diffusion preventing layer 103 is alloWed to have p-type 
conductivity. This reduces the electric resistance of the 
diffusion preventing layer 103 and further reduces the poWer 
consumption of the semiconductor laser device 10. 

[0078] Speci?cally, if a compound semiconductor con 
taining carbon is used to compose the diffusion preventing 
layer 103, the concentration of carbon is preferably in the 
range of 1><1017 to 1><102O atoms cm_3. If a compound 
semiconductor containing beryllium is used to compose the 
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diffusion preventing layer 103, the concentration of beryl 
lium is preferably in the range of 1><1017 to 1><1019 atoms 
cm_3. If a compound semiconductor containing magnesium 
is used to compose the diffusion preventing layer 103, the 
concentration of magnesium is preferably in the range of 
1x10 to 1><1019 atoms cm_3. 

[0079] To form the diffusion preventing layer 103 made of 
the compound semiconductor containing carbon, the diffu 
sion preventing layer 103 may be doped appropriately With 
carbon When it is deposited in the step shoWn in FIG. 2A of 
the fabrication method for the semiconductor laser device 10 
described above. In the case of using the compound semi 
conductor containing beryllium or magnesium, exactly the 
same method may be used appropriately. 

[0080] Although the thickness of the guide layer 102b 
made of AlGaInP has been adjusted to 30 nm in the present 
embodiment, the thickness of the guide layer 102b is pref 
erably in the range of 10 nm to 50 nm. This suppresses or 
prevents interdiffusion of phosphorus and arsenic betWeen 
the active layer 102 and the diffusion preventing layer 103. 
If the thickness of the guide layer 102b is less than 10 nm, 
the effect of preventing interdiffusion of phosphorus and 
arsenic betWeen the active layer 102 and the diffusion 
presenting layer 103 cannot be achieved. If the thickness of 
the guide layer 102b is more than 50 nm, the electric 
resistance of the guide layer 102b is increased so that the 
poWer consumption of the semiconductor laser device 10 is 
increased. 

[0081] In the structure of the semiconductor laser device 
10 according to the present embodiment, the impurity con 
centration of the ?rst p-type clad layer 104 is preferably in 
the range of 5x1017 atoms cm'3 to 1><1019 atoms cm_3. This 
suppresses the over?oW of electrons and provides a red 
semiconductor laser device capable of performing a high 
output operation at a high temperature. If the impurity 
concentration is less than 5x1017 atoms cm_3, the over?oW 
of electrons becomes conspicuous so that an operating 
current is increased and a temperature characteristic is 
degraded. Conversely, if the impurity concentration is more 
than 1><1019 atoms cm_3, the crystalline property is degraded 
so that the reliability of the semiconductor laser device is 
loWered. 

[0082] Although the present embodiment has used the 
n-type GaAs substrate, the present invention is not limited 
thereto. Ap-type substrate (such as a p-type GaAs substrate) 
may also be used instead. 

[0083] Although the present embodiment has used, as the 
active layer 102, an active layer having a multiple quantum 
Well structure, the present invention is not limited thereto. 
For eXample, a single quantum Well structure or a bulk 
active layer may also be used instead. 

[0084] Although the present embodiment has used the 
n-type current block layer 105 made of AlGaInP and having 
a real-refractive index-guided structure, the present inven 
tion is not limited thereto. For eXample, a current block layer 
made of GaAs and having a complex-refractive indeX 
guided structure may also be used instead. 

[0085] Embodiment 2 

[0086] FIG. 5 is a cross-sectional vieW of a semiconductor 
laser device according to EMBODIMENT 2 of the present 
invention. 
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[0087] As shown in FIG. 5, a semiconductor laser device 
50 according to the present embodiment has a multilayer 
structure composed of: an n-type clad layer 101 made of 
n-type AlGaInP; a guide layer 102a (With a thickness of 30 
nm) made of AlGaInP; an active layer 102 composed of a 
quantum Well consisting of a plurality of GaInP layers and 
a plurality of AlGaInP layers; a guide layer 102b (With a 
thickness of 30 nm) made of AlGaInP; a diffusion preventing 
layer 103 made of AlGaAs; a ?rst p-type clad layer 104 
made of p-type AlGaInP; an etching stop layer 130 made of 
GaInP; a current block layer 105 made of n-type AlGaInP; 
a second p-type clad layer 106 made of p-type AlGaInP; and 
a contact layer 107 made of p-type GaAs, Which are stacked 
successively on a substrate 100 made of n-type GaAs. 

[0088] In the present embodiment, the active layer 102 is 
composed of a repetition of the structure in Which the GaInP 
layers are sandWiched betWeen the AlGaInP layers. 

[0089] An n-side electrode 108 made of a metal (such as 
an alloy of Au, Ge, or Ni) making an ohmic contact With the 
n-type GaAs substrate 100 is formed on the loWer surface of 
the n-type GaAs substrate 100. Ap-side electrode 109 made 
of a metal (such as an alloy of Cr, Pt, or Au) making an 
ohmic contact With the contact layer 107 is formed on the 
upper surface of the contact layer 107. 

[0090] The current block layer 105 is formed With an 
opening 121 extending in a direction perpendicular to the 
paper plane to reach the etching stop layer 130. Through the 
opening 121, the etching stop layer 130 and the second 
p-type clad layer 106 are in contact With each other. A 
current is injected through the opening 121 into the active 
layer 102 to cause laser oscillation. 

[0091] In the present embodiment, AlGaInP represents 
(AlXGa1_X)1_yInyP (Oéxé 1, Oéyé 1) and GaInP represents 
a compound semiconductor obtained When x=0 is satis?ed 
in (AlXGa1_X)1_yInyP, While AlGaAs represents AlZGa1_ZAs 
(0; Z i 1). 

[0092] Table 2 shoWs the respective thicknesses, impurity 
concentrations, and Al composition ratios of the individual 
layers of the semiconductor laser device 50 according to the 
present embodiment. 

TABLE 2 

Impurity 
Thick- Concentration Al Composition 

Layer ness (atoms cm’3) Ratio x 

n-Type Clad Layer 101 1.5 ,urn 1 x 1018 0.7 
Guide Layer 102a 30 nm Undoped 0.5 
Active Layer 102 

GaInP Layers (3 in Total) 6 nm Undoped 0 
AlGaInP Layers (2 in 6 nm Undoped 0.5 
Total) 
Guide Layer 102b 30 nm Undoped 0.5 
Diffusion Preventing Layer 30 nm Undoped 0.85 
103 
First p-Type Clad Layer 0.2 ,urn 1 x 1018 0.7 
104 
Etching Stop Layer 130 1 nm 1 x 1018 0 
Current Block Layer 105 0.3 ,urn 1 x 1018 1.0 
Second p-Type Clad Layer 1.5 ,urn 1 x 1018 0.7 
106 
Contact Layer 107 2.0 ,urn 2 x 1018 GaAs 
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[0093] In the present embodiment, y representing the 
composition ratio of In has a value of about 0.5 in each of 
the n-type clad layer 101, the guide layer 102a, the active 
layer 102, the guide layer 102b, the ?rst p-type clad layer 
104, the etching stop layer 130, the current block layer 105, 
and the second p-type clad layer 106 each made of a material 
represented by (AlXGa1_X)1_yInyP. To achieve lattice match 
ing With the n-type GaAs substrate 100, the value of y 
representing the In composition ratio is preferably in the 
range of 0.45§y§0.55. It Will easily be appreciated that, if 
another substrate is used, the value of y may be varied 
appropriately depending on the substrate and the value of y 
is not limited to the foregoing range. 

[0094] A description Will be given to a method for fabri 
cating the semiconductor laser device With reference to 
FIGS. 6A, 6B, 7A, and 7B. FIGS. 6A, 6B, 7A, and 7B 
diagrammatically shoW the cross-sectional structures of the 
semiconductor laser device according to the present embodi 
ment in the individual steps of a fabrication process therefor. 

[0095] First, in the step shoWn in FIG. 6A, the substrate 
100 made of n-type GaAs is prepared. Then, the n-type clad 
layer 101 made of n-type AlGaInP, the guide layer 102a 
made of AlGaInP, the active layer 102, the guide layer 102b 
made of AlGaInP, the diffusion preventing layer 103 made 
of AlGaAs, the ?rst p-type clad layer 104 made of p-type 
AlGaInP, the etching stop layer 130 made of GaInP, the 
second p-type clad layer 106 made of p-type AlGaInP, and 
a cap layer 110 made of GaAs are deposited successively by, 
e.g., MOCVD, MBE, or the like. The active layer 102 is 
formed by alternately depositing the GaInP layers and the 
AlGaInP layers. 

[0096] In forming the ?rst and second p-type clad layers 
104 and 106 each made of p-type AlGaInP in the foregoing 
step, Zn is introduced as a p-type dopant. The introduction 
of Zn is effected by using a method Well knoWn to those 
skilled in the art, such as one Which mixes Zn(CH3)2 in a raW 
material gas and forms an AlGaInP layer by crystal groWth, 
one Which forms an undoped AlGaInP layer and introduces 
Zn by ion implantation, or one Which forms an undoped 
AlGaInP layer by crystal groWth and uses ZnO as a solid 
phase diffusion source to introduce Zn by solid-phase dif 
fusion. 

[0097] Next, in the step shoWn in FIG. 6B, an SiO2 ?lm 
is formed on the substrate obtained in the previous step. The 
SiO2 ?lm is further patterned by photolithography and Wet 
etching to form an SiO2 mask 140 con?gured as a stripe 
extending in a direction perpendicular to the paper plane. 
Subsequently, etching is performed by using the SiO2 mask 
140, thereby removing the second p-type clad layer 106 and 
the cap layer 110. 

[0098] Next, in the step shoWn in FIG. 7A, the current 
block layer 105 made of n-type AlGaInP is deposited by, 
e.g., MOCVD, MBE, or the like on the substrate obtained in 
the previous step. During the deposition, the current block 
layer 105 is barely deposited on the SiO2 mask 140 com 
posed of an oxide ?lm. 

[0099] Next, in the step shoWn in FIG. 7B, the contact 
layer 107 made of p-type GaAs is deposited by, e.g., 
MOCVD, MBE, or the like on the substrate obtained in the 
previous step. 
[0100] Next, the p-side electrode 109 is formed by elec 
tron beam vapor deposition or the like on the contact layer 
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107. Likewise, the n-side electrode 108 is formed by elec 
tron beam vapor deposition or the like on the substrate 100, 
Whereby the semiconductor laser device 50 according to the 
present embodiment shoWn in FIG. 5 is obtained. 

[0101] Since the operation of the semiconductor laser 
device 50 according to the present embodiment is exactly 
the same as that of the semiconductor laser device 10 
according to EMBODIMENT 1, the description thereof Will 
be omitted. 

[0102] In the semiconductor laser device 50 according to 
the present embodiment, the diffusion preventing layer 103 
is disposed betWeen the guide layer 102b and the ?rst p-type 
clad layer 104 in the same manner as in the semiconductor 
laser device 10 according to EMBODIMENT 1. This 
achieves exactly the same effects achieved in EMBODI 
MENT 1. 

[0103] In the present embodiment also, the diffusion pre 
venting layer 103, the guide layer 102b, and the ?rst p-type 
clad layer 104 may have the same structures as in EMBODI 
MENT 1. 

[0104] Although the present embodiment has used the 
n-type GaAs substrate, the present invention is not limited 
thereto. Ap-type substrate (such as a p-type GaAs substrate) 
may also be used instead. 

[0105] Although the present embodiment has used, as the 
active layer 102, an active layer having a multiple quantum 
Well structure, the present invention is not limited thereto. 
For example, a single quantum Well structure or a bulk 
active layer may also be used instead. 

[0106] Although the present embodiment has used the 
n-type current block layer 105 made of AlGaInP and having 
a real-refractive index-guided structure, the present inven 
tion is not limited thereto. For example, a current block layer 
made of GaAs and having a complex-refractive index 
guided structure may also be used instead. Emodiment 3 

[0107] FIG. 8 is a perspective vieW shoWing a structure of 
a semiconductor laser device according to EMBODIMENT 
3. 

[0108] As shoWn in FIG. 8, a semiconductor laser device 
80 according to the present embodiment has a structure 
(so-called WindoW structure) comprising laser facet regions 
112 and an internal region 113. 

[0109] Each of the laser facet regions 112 has a multilayer 
structure composed of: an n-type clad layer 101 made of 
n-type AlGaInP; a guide layer 102a (With a thickness of 30 
nm) made of AlGaInP; an alloyed active layer 111 made of 
alloyed GaInP and AlGaInP; a guide layer 102b (With a 
thickness of 30 nm) made of AlGaInP; a ?rst p-type clad 
layer 104 made of p-type AlGaInP; an etching stop layer 130 
made of GaInP; a current block layer 105 made of n-type 
AlGaInP; a second p-type clad layer 106 made of p-type 
AlGaInP; and a contact layer 107 made of p-type GaAs, 
Which are stacked successively on a substrate 100 made of 
n-type GaAs. 

[0110] The internal region 113 has a multilayer structure 
composed of: the n-type clad layer 101 made of n-type 
AlGaInP; the guide layer 102a (With a thickness of 30 nm) 
made of AlGaInP; an active layer 102 composed of a 
quantum Well consisting of a plurality of GaInP layers and 
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a plurality of AlGaInP layers; the guide layer 102b (With a 
thickness of 30 nm) made of AlGaInP; a diffusion preventing 
layer 103 made of AlGaAs; the ?rst p-type clad layer 104 
made of p-type AlGaInP; the etching stop layer 130 made of 
GaInP; the current block layer 105 made of n-type AlGaInP; 
the second p-type clad layer 106 made of p-type AlGaInP; 
and the contact layer 107 made of p-type GaAs, Which are 
stacked successively on the substrate 100 made of n-type 
GaAs. 

[0111] In the present embodiment, the active layer 102 is 
composed of a repetition of the structure in Which the GaInP 
layers are sandWiched betWeen the AlGaInP layers. 

[0112] An n-side electrode 108 made of a metal (such as 
an alloy of Au, Ge, or Ni) making an ohmic contact With the 
n-type GaAs substrate 100 is formed on the loWer surface of 
the n-type GaAs substrate 100. Ap-side electrode 109 made 
of a metal (such as an alloy of Cr, Pt, or Au) making an 
ohmic contact With the contact layer 107 is formed on the 
upper surface of the contact layer 107. 

[0113] The current block layer 105 is formed With an 
opening 120 con?gured as a stripe extending in a direction 
perpendicular to the paper plane to reach the etching stop 
layer 130. Through the opening 120, the etching stop layer 
130 and the second p-type clad layer 106 are in contact With 
each other. 

[0114] In the present embodiment, AlGaInP represents 
(AlXGa1_X)1_yInyP (Oéxé 1, Oéyé 1) and GaInP represents 
a compound semiconductor obtained When x=0 is satis?ed 
in (AlXGa1_X)1_yInyP, While AlGaAs represents AlZGa1_ZAs 
(0 i Z i 1). 

[0115] Table 3 shoWs the respective thicknesses, impurity 
concentrations, and Al composition ratios of the individual 
layers of the semiconductor laser device 80 according to the 
present embodiment. 

TABLE 3 

Impurity 
Thick- Concentration Al Composition 

Layer ness (atoms cm’3) Ratio x 

n-Type Clad Layer 101 1.5 [urn 1 x 1018 0.7 
Guide Layer 102a 30 nm Undoped 0.5 
Active Layer 102 

GaInP Layers (3 in Total) 6 nm Undoped 0 
AlGaInP Layers (2 in 6 nm Undoped 0.5 
Total) 
Guide Layer 102b 30 nm Undoped 0.5 
Diffusion Preventing Layer 40 nm Undoped 0.85 
103 
First p-Type Clad Layer 0.2 [urn 1 x 1018 0.7 
104 
Etching Stop Layer 130 1 nm 1 x 1018 0 
Current Block Layer 105 0.3 [urn 1 x 1018 1.0 
Second p-Type Clad Layer 1.5 [urn 1 x 1018 0.7 
106 
Contact Layer 107 2.0 [urn 2 x 1018 GaAs 

[0116] In the present embodiment, y representing the 
composition ratio of In has a value of about 0.5 in each of 
the n-type clad layer 101, the guide layer 102a, the active 
layer 102, the alloyed active layer 111, the guide layer 102b, 
the ?rst p-type clad layer 104, the etching stop layer 130, the 
current block layer 105, and the second p-type clad layer 106 








